Introduction
============

A macular epiretinal membrane (ERM) usually develops after a partial or complete posterior vitreous detachment, and appears as a translucent membrane over the inner retinal surface in the macular area.[@b1-opth-10-2297] Contraction of this membrane can result in various retinal pathologies, such as retinal distortion, increased macular thickness (with or without increased permeability of retinal vessels), and cystoid macular edema.[@b1-opth-10-2297] Therefore, surgical removal of ERMs is usually performed on patients who complain of metamorphopsia and visual disturbances.

The surgery should avoid damaging the underlying retina, because the areas in which ERMs are located are highly sensitive for vision. Frequently, the membrane can be directly visualized preoperatively. However, with only slit-lamp observation, it can be difficult for clinicians to determine the thickness and extent of the membranes. During surgery to peel ERMs, if identification of the membrane is difficult, use of indocyanine green,[@b2-opth-10-2297] trypan blue,[@b3-opth-10-2297] and intravitreal triamcinolone crystals[@b4-opth-10-2297] has been described to aid intraoperative identification of internal limiting membranes (ILMs) (the surface of the retina). Surgical planning would be facilitated if the detailed structures of the ERM could be determined preoperatively, as information regarding the thickest area and the edges of the membrane is useful because surgeons usually begin the peeling procedure at these points.

Many studies have described the clinical applications of optical coherence tomography (OCT) and how the technology has revolutionized vitreoretinal practice.[@b5-opth-10-2297] We previously reported that OCT-guided ERM peeling is useful for performing surgeries smoothly.[@b1-opth-10-2297]

In the current study, we evaluated the usefulness of the preoperative OCT findings in patients with an ERM for planning the surgical strategy and performing the surgeries smoothly.

Patients and methods
====================

This was a retrospective, observational, consecutive case series conducted in an institutional setting. The Institutional Review Board of Nagoya City University Graduate School of Medical Sciences approved the study protocol. All patients provided written informed consent for participation in the study. The described research methods and analysis adhered to the tenets of the Declaration of Helsinki.

This study was conducted at Nagoya City University Hospital from January 2008 through March 2014. One hundred twenty-three eyes of 121 patients (49 men, 72 women; mean age, 66 years; range, 49--92 years) with an idiopathic ERM were enrolled. All patients underwent an ophthalmic examination that included indirect ophthalmoscopy and OCT (Cirrus HD-OCT 4000 and/or 5000; Carl Zeiss Meditec, Jena, Germany). The OCT images obtained using model 4000 were transferred to the model 5000 system for vitreoretinal interface (VRI) analysis. We also evaluated the retinal thickness, occurrence rate, and location of the edges ([Figure 1](#f1-opth-10-2297){ref-type="fig"}) and partial detachments ([Figure 2](#f2-opth-10-2297){ref-type="fig"}) using OCT preoperatively in patients with an ERM. Two independent retina specialists, who were masked to our findings identified the edges and partial detachments of the ERMs on the OCT images. The patients who had secondary ERMs or whose OCT images were poor quality because of ocular movements or cataracts were excluded from the study.

Results
=======

Thickest retinal area and average retinal thickness
---------------------------------------------------

The thickest retinal area in each patient is shown in [Figure 3A](#f3-opth-10-2297){ref-type="fig"}. In 42 of the eyes with an ERM, the central area was the thickest, in the other eyes with an ERM, the superior area was the thickest ([Figure 3A and B](#f3-opth-10-2297){ref-type="fig"}).

Location of the edges and partial detachments
---------------------------------------------

The edges and partial detachments of the ERMs were observed in 61 (50%) eyes and 116 (94%) eyes, respectively. The locations of the edges and partial detachments from the underlying retina are shown in [Figure 3C and D](#f3-opth-10-2297){ref-type="fig"}. The membrane edges and partial detachments from the underlying retina were most often seen inferiorly.

VRI analysis using Cirrus HD-OCT model 5000 images
--------------------------------------------------

VRI analysis performed using the Cirrus HD-OCT model 5000 also detected the edges and partial detachments of the ERMs ([Figure 4](#f4-opth-10-2297){ref-type="fig"}). The edges and partial detachments were detected using VRI analysis in 40 (66%) eyes of 61 eyes and 71 (61%) eyes of 116 eyes, respectively ([Table 1](#t1-opth-10-2297){ref-type="table"}). VRI analysis also detected the edges and partial detachments on one panel ([Figure 4](#f4-opth-10-2297){ref-type="fig"}).

Discussion
==========

The preoperative OCT findings are useful for planning surgical strategies and performing surgeries smoothly. In the current study, we found that the edges and partial detachments were seen, respectively, in 50% and 94% of all eyes, and were more frequently located inferiorly in eyes with an ERM. Therefore, the inferior area can be used as a target for peeling because there is some space between the underlying retina and the edges and partial detachments of the ERMs. Excluding the central area, the superior quadrant was the thickest in patients with an ERM. Of course, the central area is not an appropriate target for peeling because the central vision might be at risk. When identification of the edges and partial detachments preoperatively and intraoperatively is not possible, the thickened area should be used for peeling. An OCT color map ([Figure 1](#f1-opth-10-2297){ref-type="fig"}) can easily visualize the thickened area.

VRI analysis performed using the Cirrus HD-OCT model 5000 also visualized the edges and partial detachments, although the detectability was inferior to that of the 3D visualization mode. VRI analysis was superior because no slicing of the 3D images of the ERMs is needed to detect the edges and partial detachments. Although VRI analysis was inferior to the 3D visualization mode in depicting the space between the membrane and underlying retina ([Figure 4](#f4-opth-10-2297){ref-type="fig"}), VRI analysis was superior for visualizing the locations of the edges and partial detachments on one panel ([Figure 4](#f4-opth-10-2297){ref-type="fig"}). With preoperative OCT findings using a color map, 3D visualization mode, and VRI analysis ([Figure 5](#f5-opth-10-2297){ref-type="fig"}), we determined the detailed structures of the ERM.

The recently developed intraoperative OCT technology is useful for surgical decision making, ie, surgeons can identify residual membrane tissue after ERM peeling procedures.[@b6-opth-10-2297] However, to plan surgical strategies preoperatively, preoperative OCT findings are necessary. If both preoperative and intraoperative OCT images are available, the surgery can be executed more smoothly and completely.

Many studies have described the clinical application of OCT and how it has revolutionized vitreoretinal practice.[@b5-opth-10-2297] Preoperative use of this technology enables the planning of surgical strategies and smooth execution of the surgeries. Careful slit-lamp examinations can detect the membrane edges but not always the partial detachments. OCT provides more detailed information about the ERM structure, such as the thickness, extent, edge, and partial detachments, than slit-lamp observation.

In previous reports, use of indocyanine green,[@b2-opth-10-2297] trypan blue,[@b3-opth-10-2297] and intravitreal triamcinolone crystals[@b4-opth-10-2297] has been described to aid intraoperative identification of ILMs, whereas preoperative OCT findings in the current study might enable ERM peeling surgery without these dyes, reducing the risk that is posed by the potential toxicity of these dyes.

Previously, Hirano et al[@b1-opth-10-2297] reported the usefulness of OCT-guided ERM peeling. In the current study, we studied a large number of patients and included VRI analysis.

Limitations
===========

The current study had several limitations. First, the study design was retrospective. Second, not all eyes underwent ERM peeling surgery. It is preferable to evaluate how the preoperative OCT findings actually match the real membrane.

Conclusion
==========

In conclusion, our current results provided important information for surgeries in which ERMs will be peeled. A future prospective, randomized, controlled study is needed to confirm the current results.
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![A representative case of an idiopathic macular epiretinal membrane (ERM).\
**Notes:** (**A**) A horizontal optical coherence tomography (OCT) image shows an ERM over the macula. (**B**) A vertical OCT image shows the identifiable edge of the membrane. The arrow indicates the identifiable edge of the membrane. (**C**) An OCT color map. The red and white areas (top) indicate that the retina is thickened. (**D**) A 3D visualization mode image obtained by OCT. The arrows indicate the identifiable edges.\
**Abbreviations:** N, nasal; T, temporal; S, superior; I, inferior; ILM, internal limiting membrane; RPE, retinal pigment epithelium.](opth-10-2297Fig1){#f1-opth-10-2297}

![A representative case of an idiopathic macular epiretinal membrane (ERM).\
**Notes:** (**A**) A horizontal optical coherence tomography (OCT) image shows that the ERM is over the macula and is partially detached from the underlying retina (arrow). (**B**) A 3D visualization mode image obtained by OCT also shows the partial detachment from the underlying retina (arrow).\
**Abbreviations:** N, nasal; T, temporal.](opth-10-2297Fig2){#f2-opth-10-2297}

![The thickest retinal area and the locations of the edges and partial detachment in eyes with an epiretinal membrane (ERM).\
**Notes:** (**A**) The location where the retina with an ERM is thickest. (**B**) The average retinal thickness in each area. After the central area, the superior quadrant is the thickest. Error bars represent standard deviation. (**C**) The location where the identifiable edges of the ERM are seen. (**D**) The location where the partial detachment is seen. The edges of the membranes and partial detachments from the underlying retina are seen more often inferiorly.](opth-10-2297Fig3){#f3-opth-10-2297}

![A representative case of an idiopathic macular epiretinal membrane (ERM).\
**Notes:** (**A** and **B**) 3D visualization mode images obtained by optical coherence tomography (OCT). (**A**) The circle indicates a partial detachment from the underlying retina. (**B**) The arrow indicates the identifiable edge of the membrane. (**C**) A vitreoretinal interface (VRI) analysis image obtained by OCT. The arrow indicates the identifiable edge of the membrane. The circle shows the partial detachment from the underlying retina. VRI analysis also can detect the edges and partial detachments of the ERM.\
**Abbreviations:** S, superior; I, inferior.](opth-10-2297Fig4){#f4-opth-10-2297}

![A representative case of an idiopathic macular epiretinal membrane (ERM).\
**Notes:** (**A**) An optical coherence tomography (OCT) color map. The arrow indicates the membrane that is elevated from the internal limiting membrane (ILM), suggesting that there is an identifiable edge of the membrane. (**B**) A 3D visualization mode image obtained by OCT also shows the edge of the membrane (arrow). (**C**) Vitreoretinal interface analysis image obtained by OCT. (**D**) An intraoperative photograph of the ERM surgery. The white particles are triamcinolone crystals injected intravitreally on the membrane. The 25-gauge intraocular end-grasping forceps were used to elevate the macular epiretinal membrane from the retinal surface. Because the membrane is elevated from the ILM (arrows in **A**, **B**), the membrane is picked up easily with intraocular end-grasping forceps.](opth-10-2297Fig5){#f5-opth-10-2297}

###### 

Detectability of edges and partial detachments in eyes with a macular epiretinal membrane

  Preoperative OCT findings   3D visualization mode   VRI analysis                                
  --------------------------- ----------------------- -------------- -------- --------- --------- ---------
  Edges                       61 eyes                 62 eyes        0 eyes   40 eyes   16 eyes   5 eyes
  Partial detachments         116 eyes                7 eyes         0 eyes   71 eyes   35 eyes   10 eyes

**Abbreviations:** VRI, vitreoretinal interface; OCT, optical coherence tomography.
